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INTRODUCTION 

It hae been Enown for many yeore thet s nunber of 
2114 anizale de not repro@uce normully in eaptivity. 

In this group of animale ie the thirteen-lined ground 
equirrel, Citeliue Seigecemiingstug- During the last 
seven yeare there hae Deen an average ef over 100 an- 
iaale in the animal heute at the beginning of the breed 
img season each year, ond of this entire group ve have 
proof of omly five Littere,. 

Previous work in thie laboratery on the cause of 
this isek ef reproduetion has shown the need for a com 
plete study ef the reproductive eyele. In thie paper 
will be reported further studies on the reproductive 
cycle of this anizal under laboratory conditions, ené 
the results ef pituitary giond feplente made threngh 


the entire year. 
REVIEG OF LITERATURE 


Lee (1902) observed that rale ground-squirrels of 
the typical variety, Cell tridecemlinestus (Mitenil), 
made their sppearence coon after they ceaged hibernat ing. | 
usually between April 10 and 25 in Minnesota. 

The breeding season follews ehertly upon their 
ewakening in the spring (Johnson, 1917; Drips, 1919; 


and 0. Wade, 1927). an tnactivity of the ovary during 
the fall and winter wae observed by Peipe (1929), whe 
found that ovulation eccure: once 4 year fellesing cop- 
ulation. ade (1927) coneiéere the rutting season com 
wonly laste tro wecks, but water certain conditicne may 
last ae long os four vecke. 7 

The geetation period of the typical variety wes 
found to be sbout 26 daya by Drips (1919), and veteeen 
27 and 28 days dy 0. vad, (1927) in thres cases of cep- | 
ulation observed among recently captured animale. The 
geatation period in the paler variety G. a. ... 
observed to be about 27-5 days in one female seen in 
copulation in thie isbotatery in 1927. We cases of re- 
production among ground equirrele which heve been in the 
laboratory over winter aro on record (Johneon end Fade, 
1931). 

Wale ground-squirrels appear before the fersies in 
the spring ae shown by Shaw (1925) fer the Colurbien 
zrornd squirrel, and by Lee (1902) and ade (1927) for 
the thirteen-lined form. 

Various factors way have a besring on the repre- 
ductive activities of 114 aniwals. Shaw (1925) found 
that food, loeslity and length of ses sen affected the 
Colvebian ground squirrel in mature. Dice (1929) found 
fighting inhibited reproduction in cottontsil rabbite, 


Werehall (1922) showed that captivity interferes with 
breeding of cany 114 anale besides rodents. 

It hae been generally recognized thet fatneee is a 
gauss of sterility ssong domesticated anisale (Marshal! 
and Peel, 1920), but whether thie bac a relationehip de 
the pituitery bedy le mot known. Dixiniehed food supply 
and low temperature are considered se cause: ef the pro- 


lenged anoeetrove of wild rodente in the winter by Perkee — | 


and Braswell (1927). 
Laborstery redente do net give much insight inte 


reproduction in the ground-equirrel. The guines pig hee co 


an average osetrene cyole ef 16 days, snd ceetrour lacts 
about 24 houre. It le secompanied by certain chenges in 
the vaginal epithelinue (ftookard and Payantesiacu, 1927, 
1919; and Selle, 1922). Long and Trans (1922) found the 
rat te hove ah average czgele of about four days with 6 
gharscterietic vaginal emear for each phase ef the cycle, 
and E. Allen (1922) found the mouse to have a four te 
eix da cycle sith = similar oheracteristic vaginal fu 
for exch phase of the cycle. It say be sdéed that the 
vaginal swear aethod hae been found veluable alec in the 
etudy of the phares of the 28-day eyele ef the cposcum 
(Harteen, 1923), sad of the cycle of the deg (Evans and 
Cole, 1928). 


The repreduction syole of the ferret appeare te re- 
semble that of the ground equirre? were then de these eff 
laboratory rodents (¥arehell, 190%). Tt hae a long ane 
cestrour period, the vulve enlarge in ceetrus, ovelation 
takes place only after coitus, snd heat is prolonged in 
the absence of coitus (Hammona ond Mareheil, 1930). 

From the literature 1% fe evident that cestrue is 
generslly produced by & hormone produced chiefly in the 
graéfian fell icke (Allen and Do %, 1923; karchall and 
¥ood, 1923; Aededl snd Narehall, 1927; Papanicsiscu and 
Blau, 1927; Bramwell and Parkes, 1927; and others).Foli- 
ieoular development is in turn dependent upon the ceeretion 
of the anterior lobe of the hypophyeiec se ahewn in various 
anisole by the implant method (p. . Sith, 1926, 1927; | 
Seith and Engle, 1927; Lendek and Aeehheim, 1927; K. Allen, 
1928; volt, 1929; Hartzen, 1930; Johneen and Yede, 1932). 
Further evidence in thie direction wee predvced by inject- 
ing an extract ef the vrine of pregnant woren, which ap- 
arently centeine the eaturity-produeing horrone of the 
anterfier pitwitery (Zendek and Aechheim, 1924), bet this 
was found te be lees effective than the imrlentatione of 
the whele gland (fvane and Simpeon, 1220). 

4 lipeld extract ef the pituitary akeo stizulsted 
follicle formation (Breuwha and Sisennet, 1927) 4 414 «ise 


seid satracts (Cushing and Teel, 1929). Hill ond Parkes 

(2930) sleo prepared an active: extract hien produced in 

the anosetrous ferret an eostrous condition in about 2-10 
days. 

The corpus luteus Ase been found to De nt 1e 
tus saintenanee of pregnamey in a susber of species 
(Corner, 1928; Parkes, 19 263 Harrie and Priffner, 1929; 
Johnson and Challaas, 1931, and others). It bee silico an 
oeetruc-inhibiting funetion as found by Parkee ond Bellerby, 
(1927). The setivity of the corpus luteus 22 apparentiy 
normally ster before parturition (Courrier and Keni, 1°79), 
and gontinued dd inistrat ion of a corpus luteum extract 
may delay parturition dy deye (Neleon, Priffaer ond Hate 
er ius, 1930; Johnson and Challane, 1931). That the corpus — 
luteus alec depends upon the anterior pituitery 1 shorn 
by injections ef an alkeiine extract of ths latter (Evans 
and Long, 1922; Jonneon and Saylee, 1929; Evane and 
Simpeoh, 1927; Johnson and HII, 1930; Lepine, 1931). Hare 
rian and Par kes (1929) Prodused osetrue with anterior 
pituitary eubsetance in snissle in eneeetroue at & result 
of 4 vitawin B free diet. 

In ale enimales it ie evident that the preetete, the 
ee¢ninal vesicle, Cowper*s glend ond the tas deferene are 


maintained in funetional eetivity by » sere t ien fro the 


from the tes tee (Moore and Gallagher, 1930). The testes, 
howerer, de not seem to be stimulated by piteitary izplants 
te the extent te which the ovaries are (frith end Engle, 
1927; Johnece and Hill, 1930; Jehneon and Pade, 1972; Hill 
and Parkes, 1930). | 

Bezides fuflvencing repreauetion the ante rler pit- 
uitary gland presotes growth (vane end Leng, 1921, 1922; 
Johnson and Sayles, 1929; Evane and Siapsen, 1929; Putnas, 
Senedict and Teel, 1929; Johnsen and Hill, 1930; Seith, 
1930), and may cause soromegsly (Puteam, Benedict and Teel, 
1929; Teel, 1929). 

Sone euceese in the separation of the growth-produc- 
ing, the luteinizing and the dn turityrprodueing hormones 
of the enter 10 pituitery have been sade by Putnam (1929), 
Fevold, 116 end Leonard, (1930, 1931), nd Claus (2932). 

Evidenee that the stisvlating effect ef the snterior 
pituitary uren the reproductive organe mey de inhibited 
by large amounte ef either male or female sex hermene ob- 
teinea from teates and follicles, reepeetively, hee been 
presented by Moore an? Price (1930), and Meyer, Leonard, 
Alea and kart in (1930). 

These workere and al se Engle (1929) have presented 
evidense that this inhibitery action ef the eex hermenes 
hae been reeponeible fer the idea thet there is an antag- 
onise between the testes and the ovary when either one has 


deen engrafted inte the body of am ona of the eppes te 


POR. 
uro ub urls 
Ground equisrele frees dontern Kansas which had bees 


is the an aal house fer several months te over à fear 
were unnd in this verk. They were mer Den A 
32222438219 padi ioe aus(ailen) er the new variety which a8 
fieweli hee separated {rex thie variety, vie. 2 3 
wee Aoeka. The amisele were wauller and paler than the typ- 5 
toal veriety of eastern Kenese. The omieale were fed 


an adequate diet end were in good condition. The cages 
were large aud conteined nest ond bedding sateriaie. The 
tenpers turt wae neunily about 70 5 deg. F. so very few 
of the anieele hiberneated in thie res. | : 
In the ectudy of the repreductive evele of these 

anixels obcervationse at intervaie of a few days sere gde 
throughout the year. Ursus ly fat er thit enieale were 
net considered? ge normal. In the salee the enlargeeent 
and descent ef the teetes inte the seretuz vas watched. 
nen the testes were vet felt and there wee ne gere tus, the 
anizal was recerted ae “net soretai*®. Phen the teeter 


were slightly enlerged and partially descenied into an 
enlarged sorotum, they were stid to be "partly seretal. 
These with enlarged, black serots, and sedium te large 
testes were considered *eorotel. In deseribing the 
sexual condition of the females the terme nerzal, sedium, 
and enlarged vulve were used. If the vagina happened to 
be open, thie wae aleo sta ted. 


Hietelegics! Technique 


During the year beth ales ond ferales were encrificed 
at intervele of several daye, and their tieeuee fired in 
various fisies inis, Fer the female sex organe benin“ e 
fixstive wee sleeet univereslly weed, while ia the case of 
the zalee Allen's medifiention of Pouin's eae used in some 
enges, dut for the most part Hance'e (1917) sediffen tien 
ot leasing“ a Strong vas used for the testes. Severs) 
sta ine were used. For general eteining, Cernherger' e (1930) 
Hewatin Method as used, while for the sexeniferous du 
dules Iron Hematoxylin as used in meet ces. Other 
sts ins were used experiventally, but these gives abeve 
proved soet esatiefectery for thie pertieular prebies. 


Implantation 


Ae 2 routine part ef the preblem, animale ber: reg=- 
ularly implanted at intervele of one month, and fer the 


most part the following technique wag used: A ell piece 
eof the ovary, in the esse of the ferale, (one fourth te 
one half) rae removed before the implanting begen to serve 
as a eontrol piece of tiene for the individusl. Thie wae 
done to elicinate the errors whieh would have aricen ae 
the result ef variation, for it would have been exceedingly 
2iffieult te may whether er not ome animal woe in the same 
sexual condition ae ancther. An interval of 24 - urs. 
was allowed for recovery, and the isplante were adein- 
istered dsiiy for severai days. Then the slieed evary 

wae senoved for study of the effects of the 1% lant ing for 
a short peried. Another interval wae aliewed for recovery, 
and impisanting was ugs in resumed until the desired effect 
bad been preduced. The remaining ovary wee then reseved 
fer histelegiesl etudy. 

In the sales, 2 similar treatment wae used. Inetesd 
of breaking open the tunic, however, @ sharpened needle 
was used te open it in a pertion which con ta ined ne bleed 
vesesle. A fer of the tubvles were then ferced out and 
out. The testie wae replseed in the serotus, and it wee 
served. Normal every followed shortly, and ieplenting 
was done as in the femalec. 

The ieplanting of pituitaries wae esrrieda on under 
aseptic conditions at 211 times, and epesd was at the 
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sans tine z int 184. one assistant @aught the . 
while the other reserved the pituitary from the rat, 
places it in wore anger“ er Locke's solut 10 and forced 
it wheily inte « Lony-neoked canvle. 4 email incision 
wae sade with 5 apatite and 6211 the animal eae held the 
gland wae isplanted | uboutanes ely, waually slong the 
back. The entire recess averaged 2— 3 sinvtes, and no 


* 


anassthet 10 axe wanes te | 


8 Sears 


During the earlier part of the work, vsginel emeare 
were made only After pituitary implente due to the fact 
that the vac¢inae of the — were elesed. However, it 
geen Beonme apparent that various changes in the evellinge 
of the valva showed characteristic exeare. Then, smeare 
wore wade from 411 snieale with open vaginae to detereine 
if possible the significance of the vaginal fluid. The 
technique weed wag tnat of Long and Evans (1922) fer the 
fat, ond sosin-bluish wae used for à etain, einer it steine 
ea the 811 instantly. 


Hideraast ien 


Animale were plaesd in the refrigerater at a tenper- 
ature ranging from & to 10%. Beth sersal and implanted 
eniwale vers placed under hibernating conditions 


for fron two to 10 weeks, Observations wore made daily 
as to their condition, both during end after hibernation 
as to the general and sexual condition of the sanimais,. 


SEXUAL GYCLE OF THE LABORATORY FERALE 
fhe Anoestrous Period (July to Decomber, inclusive) 


fhe period from July to December, inclusive, may be 
said to be the anoestrous period of the ground squirrel. 
It 10 characterised by a lack of sexual activity (Table 1). 
fhe valva is very small, and ite lips are fused ventrally, 
eo thet mating would be impossible, In general, the females 
are in good eondition during this entire period, The body 
is surrounded by subecutancous fat, and large masses may be 
found in the wesenterics surrounding the kidneys, and in 
the mesovaria surrounding the ovaries and at the sides of 
the uteri. 

The animals are active during the entire period. In 
the fall before the enimal house is heated they seen to be 
drowsy after cool nights, but after the steam was turned on 
they showed little if any tendency to hibernate, The in- 
creased tendency to fight in the fall may indicate that 
animals in the field hibernate singly (Johnson, 1917). 
Their food requirements are about the same as in the other 
seasons. 
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Table I. Obssrvations on Fensles 


„ͤö ũ ʃ́ͥ ii.. 
July to 

Deceaber 111 0 0 0 
jan. 9, 28 0 1 0 
Jan. 2%, 16 0 10 2 
Feb. 1, 12 0 13 3 
Feb. ii, 3 13 16067) 3 
Fed. 28, 0 10 15011) Ges 
March 12, 3 5(%) 15 (120) 502) 
Maren 29, 1 03) (6) ole) 
April 10, 1 g 15066) 5029 
May 5, 12 6 101) 0 
May 27. 19 9 0 0 
zune 20, 25 1 1 0 
June 25, 26 0 0 201) 
July 20, 29 0 0 0 


* Yo genital development was seen in nr handling of the 
animals nor in a nusber of special observations sade of 
several aniesle at different times during thie period. 

% feo litters dern on this date from old fexales. 
Wusbers in parentheses indicate the nusber of females re- 
eeived as young in 1930. Included in numbere to the left. 
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Histelogies) examination of the ovary, Table IT, 
eheee a very compact beady bounded by cegenia aleng the peri-- 
phery. Ineide the covonia are all eise ef fellieles, the | 
arrangement being from the emalier to the larger ae ene 
moves inward. The larger follielee seagure 0.2%-0.30 8. 
and in any oases are socorpanied by atretic fcllicies. 
The interetitial cells show a teadency te clump together N 
in any cases, and average 4 lors in diameter. 

Tue uterus during thie peried ie alee very all, end 

ie imbedded in the large aeeeee of fat in the eser ia. 
It bas @ pale pinkish coler, sand averagee 1 am. in diane 
eter. Hictelegically it hee en inaetive appeerence in so 
far ae the appearance ef the elle ere eeneerned. The 
musele layere are very thin, as well at the eucoes. The 
mucose celle sre small and the glende ere semreely visible 
in many exeee, chile in cthere they eeuld net be seen at i 
all. The epitheliur was only one er twe layere thick, en d 
the lumen wag very all. 

The vagina sas also very emall with ite walle fclded 
very clesely to sake a tall lusen. It wae lined with 
all epithelial celle, aud the sucous and subauceus layers 
were very thin. 

The above description ie the typical condition fer the 
entire period, except for @ general slow development which a 
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Table 11. Histelociosl Observations on Laboratory 
Females 


7 7 tUterust | tae gies ia um; 


; 
1.0 W ladle sony om. & str. feli. 
1.9 teleseat0,24~0.305 om., med. & atr. 


t. 
Oot.2 1811.5 


2 : tollteles. 
26 1211.5 1.0 a ome, med. & abr. 
: m felliciss; uterus etretic, 
er. 3 giands not vieible, auegeoss thin. 
6 12.312 1.5 Seloeed:0/n4-0.40; many oogonia along 
: 
13 12.512 1.3 ielesedi dt 8880 med. & om. follicies, 
1 H 3 much tive tissue. 
des. J 12.512 


: 

1 

: 

: 

1 

7 

: 

: 

: 

t 

t 

: 

ü 

t 2.0 ae e med., & ate. 

: 1 1 fo 111616. 

J te. 3512 12.0 telosedt 0432 JO. oz med. & om. follicles, 

: 2 5255 connect ive t l % 

Jan. 5 2211.5 + 1.0 see Sa 1 „ mod. 4 large 

ag 1 1 : ollie a, 

7 1211.5 : 1.0 telosed:0.32-0.38; same, cogoeni« along 
1 U : periphery. 
1 2.9 relosea:0.36-0.55; ., wed. & large 
: 
: 
1 
1 
2 
: 
z 
: 
: 
1 
t 
2 
8 
3 
t 
1 
t 
: 


Feb. : 1 t follicles, many stretic. 
14 2433 9.0 1 open 10. 0-0. 32; 3 corpora iutes 
t 2 : rt. —t n., med., large & 
2 ; : atr. foll.j;uterine glande 
7 1 large vagins lined ep. e. 
27 1712 1.5 delese 410,308.21 atretic; fer 
March : 1 : mod. 4 . fell tele. 
9 1712 2.5 ; open 1:0.30-0.4%0; many 9 & atr., 
: t few med. & em. feliicies. 
31 113 2.5 relesedi0«36-0.46 3 % eorpers Lutes; 
April : mk. & large foii. 
312 Preg-t spon 10.2620.32; J eons. luten(3.c 
: 9 1 1 1.2), wed. 4 ats. follicles. 
1 1312 3.0 tpartiy:0.32-0.34;med. & atr. foll- 
June : t opem : icles. 
1811.5 2.5 tel igt t. 30-0. 36; any atretic, few 
t seweil-: wediue foliieles. 
19 112 1.0 3 img 10. 30-0. 36; many atretic fell., 


Dreviations used: sa.; site. ; MODs, un; atr., 
atretic; fell., fellicice. 
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gradually sainfeste iteelf dur ing the latter pert of the 
period by an evident nn of the follicles and uteri. 


The Pericd tron men, to June 


The first six sonthe 4. year include the period 
in which the laberatery female shows the only indicstion of 
becoming sexuslly active. There ie a great seeunt ef in- 
dividusl varietion{ Table III.). In general, each female 
Passes through the fellesing stagee se whern by external 
changes. Firet, a peried ef slight swelling of the vulva 
which lnete several weeks ond poeees inte a peried ef sark- 
o swelling which lecte for  veriable length ef time ona 
usually culminates in the opening of the vagina. The vagine 
rens ine open fer varying periods of tise, but usually laste 
from 7 to Diers, and eventuslly recedes. However, in several 
ones it evidently opened, closed, and reopened before it 
finally receded, . 3 

These vaginal ewellinge ver very incenepicucve in 
many eneee and vere never se sarked ag im the che of the 
out deor ground equirrel. This eondition wade it very dif- 
fievlt to distinguish between the different stages. Due to 
the fact that pregnant ferales had very wellen vaginse 
which could be opened, they were often deecribed ac *very 
sollen. 


Table III. Individual Obeervstions on Farsler. 


6 ae Uli!!! 
„ i ‚ ‚ o »... Os 
un h x -, 68 8 8 
„ WU mw) Se eS ee 
Merch i 0 8 0 0 0 G o 8 0 el 
98 ee ee 0 21 % % 0 8 @ 
4 rl 1e % % 00 „ 
May 5 80 3 „„ „„ 
28 . . . 


ee e eee 
* ., indiestes nerual female; o, slightly evellen velva; 
O, very ewellen vulva; @, open vagine; L**, litter en this 
date; d, animal sacrificed. 


The fret ferale te chow any considerable evelling of 
the vue ins wae found Jan. 9{net sheen en Table ITZ). She 
wae the only laboratory fesale te show ae great a ewelling 
as was found in the nor#si outdoor female. This fexale 
mated, 29 wae shown by corpers iutea(Table II, Feb. 14). 


The other fesales were found with evellen and open 
vaginse on the datee shewn en Table I. The greatest sex 
wal development occurred in February and Warch, while the 
known zat inge were dietributed ae follows: Three eceurred 
in Janvary ond one in Mare. There wes d gradual itrerease 
in activity in January and a merked decresee in April. 
Cozpariscon will be ade later vith the esting seaeon of the 
noreal eutdeer fene. 

Histelegieslly it #111 be necessary te gene ider three 
etages of development during thie period, vis, the stage 
before the vagina epene, the stage during which the vagina 
Semaine open zd the receding stage. 

The stage before the opening of the vagina 1% sarked 
by a hypertrophy of the entire genitel apparatus. The 
ovaries show zn increases in size due te growth of the fell- 
icles. The large follicles inereaes from about Jon. te 
an average of about O. an. Atretie felliclee are alec 
present. The cegonis and nal fellicles which filled the 
entire periphery during the ancestroue period heave undere 
gone & corplete transfcreation. A nusber have eee 
atretic follicles, while the rene ning ones have inereneed 
in 21 and ae s reevlt of thie growth hove been crorded 
tegether. Im 311 the stages of develeprent, there ses 
te be a groeth of certain fellicles t the expence ef others. 


The uterus shots & sieilos enlargesent, which seene 
te be due to 2 hypertrophy of the celle of al] lere to 
the eurface. The glande eber during thie stage ae lerge 
bundles of celle in the sucess, which chow  lusen toward 
the end of the peried. ‘The epithelial lining has inerese 
e in thickness from ene or two layers te three or four 
Isert. 

The vagen chert an enlargerent aleo, snd thie en- 
lergenent corresponds te the condition ef the ovaries and 
uteri. The vulval evellinge sfford = fairly securate in- | 
dex to the condition of the ovaries and uteri. During a 
this stage of development every isyer of cells hee under- 
gone & marked hypertrophy, snd tie epithelial lining hee 
ieren ed te a thickness of seven or anime layere ef cells. 

The open vagina stage probably includes part ef the 
proestreue, estrus, end pert ef the metsestrue stages, Dut 
zue to the variation among the anale in the tixe ef com 
ing inte theee stages thie part hee been emitted fer future 
work. 

The ovaries etedied frow females with open raguuse 
tere slmest teice oe large se the norms] every of eneretr- 
un. They centeined fror seven to fifteen enlarged follicles 
which meaenred from 0.40+0.52em. any medium snp 11 
follicles were present im sone one. Atretic follicles 
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Atretic follicles sere ueuslly abundant, and in à few 
eases corpora lutea were found. 

The uteri were unuewally large as compared to the 
inactive period. They averaged three mm. in diameter, and 
the fat pede were not 8 conspicuoue. The appearence of 
the whele organ had changed from a light pink color to 
a rich, bicod-red color due to the enlarged dloed vessels. 
Contractions of the uteri were very not iceable during this 
period. b 

Hietologicsl examination showed the glande of the 
uteri to be conjeeted with a colorless fluid, and the ep- 
ithelial lining of the vegina te be covered with 2 leyer 
of flat cornified celle in some cases. 

The stage of regreesion wee warked externally by a 
closing of the vecina, which was eecompenied by a deer es ee 
in size until it reached the normal enoestroue condition. 
Accomnsnying the decrease in size of the ovariee and uteri 
vas an increase in the amount of fat present in the mesen- 
teries and mezovaria. The decrease in the 126 of the 
ovaries seemed te be due te a decrease in the size of the 
follicles, and in a few cases by a disintegration of the 
eorpera intes. 

It ie very evident that the corpere lutea are formed 
frow two types of celle as described by Drips, (i919). 


SEXUAL ACTIVITY OF THE LABORATORY wALTe 
the or Period 


In the sale dona e there wee net oven * 
variation as wie found in the females, and the elight 
variations of individual sniesle that 414 ccevr ceuld be 
secounted for by the sondition of the animal. From the 
latter vart ef July until Joveeber 15 the wales rere in 
& Bon-serotal condition (Table III). The testes were 
gmail, aversging 11X6X5am.(Tadle IV) ana drawn up inte the 
abdomen. Practically all semeniferove tudules ess ine d 
aur ing this peried ehowed only spermatogenia and prisery 
epermstocytes, cxcept toward the end of the peried. 


The Active per ied 


From Woverber 15 te the latter part ef the genth there 8 
vas & noticeable development in the 2126 of the teetes of | 
the older malice. By the end of December soest tubules 
etudied showed all staged of spermatogenceia. The younger 
malee 414 net cher such development vefore the widdie of 
January, but cheervations on Jonuary 24 showed 21] alee 

te be erst“ on that dete with the exception of tue males 
whieh were undernovrished. 
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Table IV. Obeervations on Seroteality in Males 


te 2 * : * 1 9 8 


Sept. 1 2⁰ 0 0 
ov. 15 pe 5 

Dec. i 10 6 5 
Jan. § 3 0 16 
Jan. 2% 3 0 28 
Feb. i i 0 27 
Feb. 11 0 i 3a 
Feb. 28 0 0 34 
Yareh 12 0 0 31 
Match 29 0 0 30 
April 10 0 0 30 
May 27 3 5 22 
June 17 12 6 12 
u 1 20 7 3 


Note: Vatiation in number of za les observed wae due te 
the fact that certain aniwale were taken fer experimented 
purposes. 


Preceding the*serotal Seondi tion there vas a great 
rene in the eise ef. the teste aulninat ing in their 
ges cent inte the serotum. The hair on the serotum grad 
uslly came off and it darkened in coler. 

u eretel sales exomined after Janusry 10, until 
‘June 1 were found te be in setive spermatogenceie. The 
‘peret]e] sondition in the malee lasted in moet ensee until 
‘the letter part of Hay, and come were even serotal ae late 
es June 30. At thie tise the animals were noted te be rathe 
er fot, and vith the inereaze in subeutanseus fat there sas 
1 decresee in the size ef the tectes. Thie paeeing from 
the eeretal te the nom-eerotal condition ie cherscterised 
by beth internal and external changer. Externaily, there is 
firet 3 less of the dark eoler en the eeretum. Then there 
ig 4 grovth of bar over the sorotus se that it eventually 
disappesre. 

Internally the teetee sees to gra dus!) decrease in 
size, amd they ere dreen up énte the &dgement The sexen- 
iferous tutvles seer te decrease in site ae the cells 
mature. Theat is, the nurber of sper ategenis eeere to re- 
agin the ease, hile the epersatceyter and epermntide 
wature inte epereateron ond are passed ont, thue leaving a 
seneniferenr tubule with a lining ef epereatogenia end 
Sertoli cells. 


fable V. eise and Development of Testes 


Date iss Testes Age fpera “fn Stege of Developxent 
July 12 10 ola none Sperpatogonia 

duly 12 121 214 none Srermatogenis 

Aug. 101 old none fperaatogenia 

Sept. 2 1 61 2 young none Gpermategenia few Pr.Sg. 
Sept. 7 1 = none Priesry Spermatocytee 
Sept. 11 81 eld none Prisary Spermstocy tes 
Get. 2 71 young none few Pr. Fpersa tee tes 
det. 30 101 5 young nene Few Pr. Spermtocytes 
Dec. 6 2 x old nene Few See. reatocy tes 
Dec. 6 11 8% eld nome Primary Spermatecytes 
Dee 20 1 7 5 old non e Sea. Speramatoey tes 
1331 29 IN 5 old yee 411 Stages, Sperasntoses 
Jan. 6 fe a gr old yes all — 2 Spermertozea 
Jan. 10 10% 6% & young none fpermatids 

Jan. 26 orie s eld yee All stages, Sperzatozes 


Jan. 27 1711111 old yee 411 Stages, Sperzatoses 
Feb. 1% 11 71 young yee All stages, fpermetoses 
Feb. Sie oi yea All Stages, Gpereatozos 
Feb. Sins old yee 411 Stagec, Spermatoses 
april 14 16x26710 olf = yes All Stagee, Speraatoses 


Yay 30 11 oF eld yee All Stages, Srerestozes 
June € 12% & 014 yes Sperratezea 
June 11 151 21 old none Spermstozes 
18 ier KN eld none Bo Dats 
June 15 103 5% % old none Yo Pats 
July &% 2 4X3 old none Ne Date 


Bote: O14 anlsale are these thet have von in the lab- 
oratory for ene year or longer (1930 or earlier). Young 
anizale ere anisole vorn in the epring of 190. 


„ This deta wat supplied through the courtesy of B. Fade. 


OBSERVATIONS ON BORMAL OUTDOOR aNTEALS 
Fouales 

The first noreal outdoor animals received from the 
field were delivered to the laboratory April 16. F- 
agination ef these sanisals showed that they were at the 
peak of the zating segn The females showed sone 
variation. Out of 3 tetsi of if females, 11 had greatly 
enlarged vaginae that were coupletely open, while the 
other seven had very marked ewellinge of the vagina. Of 
the femilee that had open vaginse, six had just sated 
(freshly formed corpore lutea). The ovaries were decidedly 
enlarged(UX3er.) snd contained ruptured follicles, cerpera 
lutea, atretic follicles, and wedive and emall fellicles. 
The uteri vere enlarged and glande vere very prominent. | 
The vaginal emesar contained cornified celle and leveooytes 
in 411 four eases. 

Of the other two femaise examined, there wae evidence 
that one wes in setive oeetmus.. The follicles were en- 
Larged, uteri red and enlarged with enlarged glande which 
costeined a clear fluid. The vagina wae Linea with a 
thick layer of cornified elle, and the fluid gave a clear 
cornified cell smear. 

The other ae apparently in the latter stage of ceetrus — 
_ fer copulation had just taken place before the opration 


as shown by the presence of spermatozoa in the vagina. 
The vaginal smear conte ined cornified celle on? epereatoses 
in a leer vieeté fleid. | 

From 4 number ef weasuresente taken from erbryee, and 
the date of parturition ef 3 ausber of females shipped in 
te thie lsberatery from April 16 te Hay 5, 1931, the fei- 
lowing copulation dates have deen obtz ines weing 26 days 
as the period of ges tat en. Ome mating each for April 7, 
&, ii, ona 12; 5 setinge, April 1%; 6 matinge, April 15; 
d gat inge, April 16; ome wating April 17; 14% eatinge April 
1@; 11 sat inge April 19; and one mating April 26. 

It te evident that mest outdoor sat inge teek place 
in 1931 from April 14 te April 19. The four earlier 3 
tinge were of feaa les that were in exeeptionelly geod con- 
dition. Thie would indie te that the condition of the 
anieal is one of the fxetore which uf luenee the date ef 
dente. The last eonpvletion date probably « result of 
laek of feed in the early part ef the breeding sea sen. 

Referring tack te the enlenla ted dates ef copulaticn 
ef the lateratéry ferales, we find that they were earlier 
than outdoor copulations. According te eslevlatione theee 
lsboratery copulstions were approxigately ae fellers: Jen. 
it, 27 and 26 and reh 23. Their period ef activity wae 


evidentiy such longer thon the normal ent 4er fensle, bet 
free seoorde of litters ders im this heveratery 1 eae 
found thet there «ae occasionally „ litter bern ae late as 
one month after the regular breeding zessen in the outdoor 
female. aoe 


The sales received from the eutdeore in April sm@ ð 
way, 19 ½ were very ssretzl. The seretus ens vithout halt, 
very mel, ond enlarged. ALL the ales esd de de in 
splendid condition. Theee sales and the leere tor melee 
tetained thetr aeretel condition until the end ef May, and 
Asest 20f ot doth groups were 811 eerotel en June 20, | 
wheres the last 311% reselved from the field, Bey 20, a 
wese very thin and a- seretel. Bonever, the latter aß, 
not have been a typicsd cutdcor group ee a reeult of 
paper care and handling „f ter enxpture, of there could 
have deen = reit of food beesuse of Gry weather 


THt EFFECT OF PITUITARY mrs 


The aGeinictrotion ef pituitary taplentse fre rate 
eavaect d nutter of progressive changer te eceur threvgh- 
 @ut the entire genitei syeten. 


In the ovary there wae firet an enlargezent of the 
large follicles te sbout the size of e normally ripe 
follicle (o. 0-0. 50.) . Ordinarily there wae little bieod 
in the follicics up te this stage, but if the isplente wore 
eontinued luteinisetion began. There segmed te be an an- | 
largenent of bleed vecvele in the thees interna ef the 
large folliclee. This wee sceoupanied by s proliferation ef 
the granuloca celle of the rsaf lan fellicle. In wany 
cases the blood vessele ruptured, and the follicles vere 05 
filled sith bleed. However, thie did net prevent l uten: 
ieation of the follicles. As the grenulees celle increnséd 
in ise and ausber they gradually filled the entire foll- | 
fiele. Connective tiseve celle from the thees interna were 
pushed in with the converging coluane of granvloes call 
to form a loose network around the granvless olle. The 
egg eae veuslly hereed in by the luteimisation, and ulti- 
mately resorbed. Heovever, in some cases the follicles were 7 
found te durst sllowing the egg te ecenpe. Continued 18. 
ien teten gaused a further enlergesent ef the corpers 
Intesa, and luteinisation ef all the asdium follicles. The 
emailer ones became atretic, se that eventusily the evary 
became a sage of iutelinised tissue. 

In the uteri the changes reeexbled theese thet oceur- 
red during the coming into sexual activity. The celle ef 
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all layers hypertrophied to eause an enlargement. The 
bleed surply increased, and showed a dark red color. The 
glande underwent an enlargenent, oné the epithelial line 
ing increseed in thicknes® a wae the case during the 
period of sexual sotivity. 

Tas vagina underwent ohangee eimilar to these of the 
uterus, except that the chages were indigsted by the 
condition of the extermal gemitelia. Wet only did the 
ewollings and celle of the vaginal fluid give an index to 
the changes ccourring in the vagina, but in the ovaries 
and uteri ae sell. Theee changes were characterize? by 
a gradual enlargement of the externsi genitalia, accom 
panied by an epening of the vagina #hich wee weuslly pre- 
pretionea te the else of the ewelling. The leusocytes 
were gradually repaced by the large epithelial cells 12 
the emear, which dane from the walle ef the vag ina, and 
these in turn vere replaced »y the cornified eslle which 
usually pereieted ae long ae the isplents tiene sere con- 
tinved. 

Johnson and Fede (1931) reported sisilar changer pro 
dusea by implante of the pitwitary gland. However, 1% 
aust be added that the nusber of pituitary ieplante e- 
quired te produce these progreseive changes up to the gre at 
enlargement ef the follicles vary directly with the seasen 


wad the condition of the dateien aniss . In meet oases 
sore impliacte vere required during the sutmer sonthe when 
the saieale were fat than ot opp other ties. Uevsily the 
aueber required at thie tine whe tres eeven te nine. From 
Septexeher unt id the earlier part of December the nucber 
wae usual en. Purieg the per los from Janvary to June 
the nucber depended entirely upon the contition of the 
in@ivigual anizel. During the etage of » slight see)! ing 
et the vagina, the zunder of laplate rewired ess usvelly 
three to five; while these animale with 6 sere or lese 
marked vaginal evelling required only one te three. Snieale 
with open vaginas uus iy showed greater evellings, and 
iuteinisation of the follicles with one or tee iapients. 

In the sales, the effect wii by ne ans xo apparent. 
Ispiantation ef pituitary glands fer periods corresponding 
deo these fer the femelee preduved u r koa changes se in 
the fta lee. However, for longer Periods of inplentation 
there Wercsevers) effects noted. In the monthe of October 
and Bovember, taplantation for « period ef ids days cnus~ 
e on enlargezent of the testes and an inereses in the 
bleed euprly fer the semenifereus tu ul os. The an nale 
isplanted were several veeke esrlier in coming inte active 
apermateceneria than vere other 312. 


after the sales were serotal, and normal spermate- 
genesis eae taking place, ixplante of the pituitary 
glands secmed to speed up spermatogenseia in eo fer as 
one could determine. Nernally there vould be about 807 
ef the tubules containing spermatozon or spermatids, 
while the others contained the epermatccyte stages. The 
anigels that bed been implanted ae any ae five tires in 
the active period bad the advanced atagee in at lesst 
90% of the tubules. Measurements of the tubulee indi- 
cated that isplantetion 414 not cause any inereace in 
their size. 


DISCUSeION 


From theee findings it ie evident that the repre- 
ductive cycle of the laboratery female ic soxewhat ab- 
nermal. The sarly ectivity ef the enfimele, snd the irre 
egulsrity of the sexual activity ef the femeles are 88 
pecially striking. The lack of normal reproduction is 
another etriking faster. Pituitary ixplante cause 3 
supersetivity of the sexual organe and their seceesscrice 
in the female, bet do not sees te induce repredvet len. 
The isplanted feralee correspond in every way to the 
normal aniesl during the period of rut, dut showed no 
tendeney te sate with normal or implanted nales. 
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Weither did the wales show any unusual excitement. 1 
plants tion ef the ales 4¹⁴ not seen to affect the genital 
organs as it 414 in the fonsies, eince it wae diffievlt 

to asser te in an marked effeete produced by isp letalen 
ef pituitary glande for periode ef one to 10 deys. 

The fact thet the animale under normal outdoer con- 
ditione are subjected te several inhiditery conditions, 
which are fer the most port rereved under is bers tery en- 
alt ene expleine in . way this abnormality of their re- 
productive ercle. In the case of the femelee there eeces 
to be several factore sich have 3 great deal te do eith 
the inhibition of sexval activity. The evemer wenths are 
usually the nursing period fer most ferale:, and ae soon | 
as thie period is over aud while the corpora lutes stil! 
pereist the animiie isy in & supply of feed for the long 
winter months ef inactivity. During thie peried they 
beoome fattened, and the large amount ef fat stored ia 
the mesovarie and in the acsenterice ic poeeibly partly 
responsible fer the inhibition of sexual sctivity during 
the fall wonthe. The winter 12, of coures, spent in the 
@ormant etate of hibernation for the gost pert. Herever, 
it is quite likely thet they de net rens in in hibernation 
for very long periede. 


Under laboratory conditions hibernstion does not 
eoour. Thie seeounte for the early aetivity ef meet of 
the females. One of the inhibiting factors, however, was 
not remered by laboratory Gonditions. Thie wae the con- 
Aten of fatness which existed in the normal outdoor an- 
als during the fall months. Many of the laboratory an- 
ale retain their fat throughout the winter sinee there 
is no at isulue fer hibernation. Thies bringe many of the 
anisals inte the setive pericd with a large quantity of 
stored fat. Several of theee fat animals did not show an 
Open vagina, and fatnes wae probebly the inhibiting fectos 

The sales show few changes other than the early 
activity and their ten@eney to rens In scrotal for & longer 
time then the cutdeor enimal. This ie probably s eatter 
ef nutrition, fer the outdoor male ie subjected te the het 
winde and % lixited diet ot thic time of the year. | 

ref iy summariced, the main changes in the oycle of 
the istoratory female seem te be à prolongation of the 
activity over a longer period of tice, rather than an in- 
tenaified peried of activity fer a eborter pericd of tine. 
The watter of tise is evidently controlled entirely by the 
temperature and condition of the animale. 

In the sethod of iaplenting ae outlined, the question 
may Arise ae to the hyper trophy of the gonad after re- 


movei of a piece. In a nusber of normal controls of 
doth sexes a piece of the gonad wae reneved, and efter 
varying periods of growth there wae no observable hyper- 
trephy. N 

Implantation of pituitary glands 414 probably couse 
sore hypertrophy ae fount by Engle (1928), bet thie was 
slightly more than the neresi enlargement as produced by 
implanting rel smimels, because only a short period 
elapeed between the tice of pertial gonadectosy and in- 
plantation. 


CONCLUSIONS 


1. The period ef anocetrous ie very long, last ing 
usually from June te January. The period ef cestrue 
apparently say oer within the period January to June, 
varying in length in individual fenales from about two 
to six weeke. Reproduction in the laberatory fensle 
ie rare, dut evidence of four pregnancies wae obteined 
in 1971 in eniwale which had been received os adults is 
1930. 

2. The laberatery eales showed atrophied teeter with 
lack of spermategenesie from June 1 te December 1. 

Nearly 211 were eserotel, chewing active epereatogeneria, 
early in January and remained in this condition unt 11 the 


end of Hay. 

3. Both outdoor females and wales became sexually 
ast ive iater than, and remained active a ehorter time than 
the laboratory animale. Sexvualiy active fesales vere 
found between April 7 and April 19. The ales were serotai 
from about April 1 te Mey 20. 

&. Pituitary implente in the fesalee caused follicular 
growth and luteinisation, but not supererulatien and 
reproduction. The nusber of implents required te produce 
AR un follicular enlargement varied from one (in females 
with enlarged vaginee) te nine (in animale in ancestrous). 

. Pituitery inplente into sales produced nore active 
spermatogenesie in seretel zalee, but bad very little 


effect on non-eerotal males. 
ACKNOVLEDGEVENTE 


I wish to express zy sincere thanke and appreciation 
to Dr. George E. Johneon for hie kindly advice and assist- 
ance in the heile and study of thie probles. 

I aw alse indebted to the members of the Departeent 
of Zoology for advice and ecriticiem in the purevit ef thie 


protlem. 


37 


_ LITERATURE CITED 


Alen, Edgar, 1922. The oestrous cycle in the souse. 
Amer. Jour. Anat., 302297 * 


Allen, Bagar, 1926. Precocious sexual development from 
anterior hypophyeie plante in a monkey. 
Anat. Rec., 39:315-323. ; 


Allen, Ragas. and E. &. Deiay, 1923. in ovarian hormone. 
Preliminary report on ite leeslization, extraction 
and partia ification, and action in teet anigssie. 
Jour. Amer. Wed. ee “n., €1:619-821. 


Adel, 8. &., and . H. A. Warehall, 1927. on the effect 
of the evarian hermone in producing preceectrous 
development in the dog and rabbit. 

Proc. Rey. Sec. (London) B., 101:185-192. 


Braswell, . d. B., and 1. &. Parkee, i927. The norm) 
ovarian cycle in relation te ceetrovs proedvction. 
Quart. Jour. Exper. Physiol., 16217-1988. 


Brouhs, L., et Siménnet, I., 1927. L*hypophyee et la 
secretion interne de l'ovaires. 
Compt. rend. Soc. biol., 96:1275-1276. 


Claus, Pearl F., 1931. Separation of the anterior lebe 
substances and etudy of their individual effecte. 
Phyeicl. Zeel., %(1)36-57. 


Corner, d. V. , 1928. Physiclecy of the corpus lut eus. 
I. The effect ef early ablation of cerpue luteum 
upen embryo and uterus. 

Amer. Jour. Physiol., €6:7%-@1. 


Cornheuser, 8. I. 4930. Henat in method of etainine. 
Stain Tech. 121. 1 


Courrier, R. „ and A. Kehl, 1222. Sur Ia duree de l'acti- 
vite luteinique pendant is 3 
Compt. rend. See. Biol., 101: 383-365. 


Cushing, H., and H. M. Teel, 1929. Concerning the 
hypophyseal (pare dieteliie) horrones fer growth 
and for reproductive purpores. 

Amer. Jour. Physicl., 99: 323-324. 


Dice, b. N., 1929. in ettempt te breed cottonteil 
rabbite in eapt irity. “ 
Jeur. Lanna legy. 191225229. 


Drips, Pelle, 1919. Studies om the ovary of the spers- 
ephile (fperrephilur trid with epecial 
rencé to th 


refe | * 5 
Amer. Jour. Anat., 211717. 


Engle, 7. T., 1928. The rele of the anter ier pituitary 
in tery ever hypertrephy. 
Arat. Ree., 37:275-286. 


Engle, E. T., 1929. Pituitary gonadel mechanics and heter- 
esexusl ovarian grafts. 
Ager. Jour. Annt., %$:121-139. 


Evens, R. I. „ and J. . Long, 1921. The effet ef the 
anterior lebe adzinistered in eritenesliy upen 
reeth, maturity and cestrue cyclee ef the rat. 
mat. Ree., 21% 2-63. 


Evans, H. I., amd J. 1. Long, 1922. Characteristic eff- 
eete upon grovth, ceetfuse and ovulation induced dy 
the intreperitones) administration ef frech anter- 
ior seal eubstance. 

Prec. Batti. dead. Sei., 8238-79. 


Evans, H. k. „ and H. H. Cole, 1928. The ceetrue cycle 
in the dog. I. The vaginal emear. 
Cornell Vet., 18:52. 


fvane, R. EK. , and KM. . Siepeon, 1926. Effects of ant- 
er ier hypephyserl extreete on the male. 
Anat. Ree. 721206. 


Evens, R. K. „ and k. F. Siepeon, 1927. Experiments) 
gigantier, differential effect of enter ier hyr- 
erhysenl extreét on normal end genadectenised melee 
and ferales. ‘ 

Anat. Rec., 35:36-37. 


Bvane, R. I., and k. . Siapson, 1929. A comparison 
of the ovarian * eed in iewature animale 
vy implants of hypophyseal tiesve and herzone froz 


the urine of — woken. 
Amer. Jour. Phys Ol. 89: 361-37. 
Fevold, H. L. 7 . P. R Isar, and &. L. Leonard, 1930. 
F luteinizing hersones 


The 
af the antericr lobe ef the hypophyesis. 
Anat. Nec. 72299. 0 


Fevola, B. L. „ F. L. Hieaw, and L. L. Leonard, 1931. 
The gonad- et iaulat ing and the lutte 1 ing hormones 
ef the antericr lobe of the yeie. 

Awer. Jour. Physicl. 97(2):291-301. 


Hassend, J. „ nd F. om 1 1930. deetrue and 
peeviepregnancy t erret. 
Pree. Feral See. London, 105:607-670. 


Hanes, R. T. „ 1917. The fixation of memealien chromosomes. 
Anat. Rec., 12:371-34¢. 


Herries, R. G., end J. J. PLiffner, 1929. Extracts of 
eorpers utes in relation te pregnancy. 
Anat. Rec., #42205. 


fiartwan, C. G., 1923. The evetrue eyele of the epessus. 
Amer. Jour. Anat. 3211572792. 


Hartan, C. G., 1930. Anterior lobe of the pig and the 
monkey ovary. 
Proc. See. Exper. Biol. 4 Mod., 27: 398-340. 


Hill, Mergeret, and A. 8. Parkes, 1936. Ef fete of ant- 
—— pituitary preperatione on the anceetrous 
erret. : 
Jour. Physici., 69(3):xviii (Pree. Phyeicl. Sec. )- 


Jopneen, G. . „ 19]7. The habite of the thirteen-lined 
ound e 
Snir. F. dak. Quart. Jour. 72261-2721. 


Johnson, G. BE. „ and Joanna Challane, 1971. Ovariectony 
and ecerpes luteum etudier on rate and ground 
*quirrele. In Preee. 


Johnson, G. ., amd R. T. HI, 1930. The effect of 
anterior pituitary extract on the developing 
albine mouse. 

Endocrinology, 14:400-420. 

Johnson, G. E., and E. D. Gayles, 1929. The effecte of 
daily injectione of bovine anterior pituitary ex- 
tract upon the 12280 ald ine rat. 

Phyelel 2001. , 2265-301. 


Johneon, d. F., and . J. Wade, 1271. Laboratory repr- 
eduction studies on the ground equirrel, Citelins 


iel. Bul. v. an. 


Lee, T. &., 1903. Implsntation of the evun in fperz- 
hilus tridecen] 1258 8 f 
r dmnivereary Volume, pp. 17-136. 


Ler ine, P. 1971. Action dee dees eleveces 4' extrait 
a@*hyperhyee sur l'artitude du reat a la rerreduction. 
Cerpt. rend. See. Fiel. 106: 2-1. 


Long, J. A., and 8. 1. Evans, 1922. The esstrus eyele 
in the rat and ite agcoeiated phenorena. 
Mexeire Univ. Cal. , 621-146, 


Merrian, . F. „ Ad A. 8. Parkee, 1929. The effect of 
amterier pituitary preparation administered during 
dietary esnocetrous. 

Proc. Roy. Soc. B., 105: 24¢-256., 


Warehall, F. E. A. , 190%. The ceetrve eyele in the 
common ferret. 


Quart. Jour. Mic. Sei., 483 3235-345, 


narchall, F. k. A. , 1922. The Physiclegy of Reproduction. 
Longeans, Green & Co. I. 1. 


Marshall, FP. I. 4. „ amd 7. R. Peel, 1910. *Fatnees*® as 
a cause of sterility. 
Jour. Agrie. Sei., 3: 343-393. 


Marshall, F. H. 4. » and . A. Feed, 1523. On the ovare- 
ien fecter concerned in the ocevrrence of ceetruc. 
Jour. Phyeiol., 5#:7%-80. 


*¹ 


Neyer, l. K. ¢ O« b. 1% . mee, ana . 2. 
TLart in, 1930. Effect @eetrin on gonad-etisul- 


ating power of the — ga igh 

Pree. Sec. Exper. Biol. & ed., 27:702-70%. 
Woore, Carl R. „ and T. F. Gallagher, 1930. Taresheld 

relationships of testie hermone Indies tere in 

whewale; the rat unit. 


Jour. Pharmacology aad Exper. Therapeutice 
RO: thle 330 © : N 


Moore, Carl R. „ and Dorothy Priee, 1930. Funet icnal 
interrelations of the anter ier-byperhysenl and 
gonad her zones 
Anat. Bee. , %&7:29%-299. 


Beleen, ¥. O. „ J. a. Pfiffner, and H. 0. Hater ius, 1930. 
3 of pregnancy by extracte of corpus 
uteum. 
Amer. Jour. Phyeicl., 91690-6093. 


Papaniesleov, G. F. „ and F. . Blau, 1927. Existence 
of a sexual rhythe and experiaental inducticn ef 
heat in the dog during anoeertrue. 

Anat. Fee. 35247 . 


Parkes, A. 2. „ Met. The role ef the cerpue luteu in 
the seintenence ef pregnancy. 
Jour. Physic., 65: 741-749. 


Parkes, A. . „ and e. . Bellerby, . Studies on the 
‘internal seeretione ef the every. V. The ceestrue- 
inhibiting fonction of the cerrus lut eur. 

Jour. Physiol. 68:233-2%5. 


Parkes, &. . „ and F. . R. Bramwell, 1927. The caus- 
ation of the anoeetrove per ied. 
Jour. Physicl., Eee 3EE~392. 


Putnam, T. J. , 1929. Separation of grewth-preducing 
hormone from that inducing premature oceetrue in 
the anterior pituitar 4 de 
Aroh. Surg. 18:1 17 


Putaas, T. J. , I. B. Benedict, and H. k. Teel, 1929. 
Studies in serowegsiy. VIII. Experimental canine 
acromegsiy produced by injection ef anterior lobe 
pituitary extract. 


Arch. Surg, 18: 1707. 


Selle, R. I. „ 1922. yo — in the vaginal eritheliun 
of the guinea pig during the oeetrue peried. 
Amer. Jour. Anat. 302 429-450. 2 


Shaw, . T. , 1925. Duration of the eectivation and 
hivernaticon ef the unbian ground equirrel 
(eitel les columbienve) and ee relatione te the 


same. 
Ecolegy, 675-51. 


Smith, P. E. „ 1926. Haetening development of the fenale 
genital eyetem dy daily homoplaetic pituitary 
traneplarte. 

Proe. Sec. Exper. Biol. & led. 24:1 bi-13e. 


Smith, P. E. „ i927. The induction of prececicue sexual 
saturity by pituitery hemeotreneplante. 
Amer. Jour. Phyeicl., 66:114~-125. 


Smith, P. EF. „ 1930. Hypophysectory ende replecerent 
therepy in the rat. 
Aer. Jour. Anat., 45: 205-275. 


Smith, P. E. „ and F. T. Engle, 1927. Indvetion ef pre- 
ee iert sexual s turity in the mouse by daily 
piteitery hemee end heteretrenerlante. 

Pree. fee. Exper. Biol. 4 Ned. 24:561-562. 


faith, P. F. „ and . T. Engle 1927. 1927. Experimental 
evidence regerding the role ef the anterior pit- 
witery ifmthe development and regulation of the 
13 system. 
mer. Jour. Anat., 40:159-217. 


&teckard, C. N. » aed G. J. Papanieolaeu, 1917. The ex- 
istence of a typical Geetrue cycle im the guinea- 
pig with a study ef ite his telegies 1 end phyeicl- 
cgical changes. 

Aer. Jour. Anat., 22:225-263. 


Steckard, 0. R. „ and G. I. Papamiceleeu, 1919. The 
Vaginal closure sembrane, copelation and the vag- 
inal plug in the guinea-pig, “ith further cen- 
siderations of the oestropde bytes 

Biol. Bul., 37:222-245. 


43. 


Tesl, B. 1. „ 1929. The effect of the growth principle 
ef the hypophyeis om the female genital tract: Fita 
the report of the hypertrophic changes in a ese of 


aer Ay. 
— — 13:521-526. 


Wade, 0. „ 1927. Breeding habite ond early life ef the 
thirteen-striped ground squirrel, 1 
uten 111), 
our. 9 82259-276. 


Wolf, Opal Herie, 1929. Effeet ef deily traneplente of 
anterior lobe of pituitery on repredvetion ef frog, 


— — (schreber). 
ee. Exper. Piel. 4 ked., 26: 692-693. 


Zendek, P. „ und 8. Ieebbeir, 1927. nyropbysenvor der- 
leppen vnd Ove r iu. 
Arch. Gynfkrel ee 130: 1-85 * 


Zondek, B. „ und 8. Aechheim, 192 . Dae Horsone des 
eenveréerierpend. 
in. Techenechr., 72431-835. 


